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IftUE-VOhJ.) 

(By  sitiitar  Orr  floborta) 


2;o  foHorTing  raporti  waa  proparsd  by  tha  authors  ao  a part  of  their 
work  iri  preparation  for  the  aoiipse  o^qjadltion  of  High  ^ti^udo  Qbserva- 
torj'  to  Lhe  Sudan  on  ?S  Hobruary’  1952.  It  wao  'ivrittan  beforo  the  oolipsfl  = 
tVe  iBKue  it  now  as  we  prepai'e  to  uso  Hia  aethode  outlined  for  reduction 
of  th^3  specti’a  obtainr*do  by  express  our  thanks  to  tiiQ  authors  and  to  the 
University  of  Utaii  for  the  raai^  farms  of  aaoj.stanoe  they  have  pixjvided 
to  iin  in  this  work-i  ■ -t/ithout-this  aid  »tb-  i^ro-uld  nave  found  it  ii^joedble 
to  nako  soimd  plana  for  the  expedi'tJ.on  in  the  short  time  'that  was 
available  to  usr 


3^■.  n * -u  -;v 


Arialysia  of  the  Hydrogen  fckjlipso  ObesrvHtions  to 
Determine  the  TherL':C dynamic  State  of 
the  Solar  Chj*oniosph0.i*e 

Eiigena  N.  Parker  ana  PJ.chflrd  Thcmac 


lo  Introduction 

Tho  follord.ng  disousai on  contains  an  outline  of^  and  a Justlfi- 
csation  foric  tho  theoretical,  analysis  af  tho  data  to  be  obtained  at  - 
the  1952  eclipeoo  Actually^  the  foHorring  report  considers  Only  a 
liniitad  portion  ol  the  expected  data  that  relating  to  the  hydrogen 
Baliaer  and  Paschan  serius.  and  the  Babner  continuum.'  An  analysis  l) 
of  earlier  eclipse  observations^- demonstrated  the  feasibility  of 
such  an  analysis^  On  the  basis  ,=f  the  results  fron  this  analysis? 

_ wfi  suggested- the  advisability  of  an  ecllpsp  taxpedition,  tfith  limited 

but  specific  objectives,  aimad  Oiily  at  toe  date  required  for  tide 
■ analyaisL  i/e  proposed  delibexiately  foregoing  the  usual  attempts  to 
ninasuro  all  possible  phenomena  associated  with  the  aolipsoi  Ifha 
1952  Qclipss  program,  undartAken  by  H,lgh  vUtitud.®  Observatory  in 
close  coopei-ation  vnLth  and  supported  by  the  Kav^al  Research  Laboratory, 
h.-sd  3on:;jv/hat  >?ider  obJectiveOj  but  tho  effort  was  concentrated  on  the 


objectivae  outlined  h9J*8o  Dr^  John  P-=  Hagan  and  iiia  assosiatea 
planned  to  conduct  oim;ilt&iiaou3  radio  obsaryationa  at  two  freq’aencles 
during  the  eclipsea  It  was  hoped  theraby  to  obtain  sase  resolution 
of  Ihe  currant  dilerm  bet^roan  radio  and  optical  bbservations  of  the 
outer  eolar  atmospharec  The  optical  obBor^tiona  irere  to  be  mads  by 
Altitude  Observatory,  and  the  analysis  to  be  carried  out  in 
cloise  cooperation  with  tho  Utah  groups  The  radio  iSisarvatione  ware 
to  be  handed  by  the  Naval  Rassaroh  laboratory  group □ Dia  foUewing 
discussion  relates  only  to  the  analysis  of  “aio  hydrogen  observations 
originally  proposed* 

The  general  philosoi^  of  the  prograa  to  be  discusatd  is  one  of 
an  att^pt  to  investigate  certain  gross  features  of  the  hydrogen 
speotrua  that  may  be  unambiguously  interpreted  to  specify  certain 
gross  features  of  the  structure  of  the  chromospheres  Since  the  solar 
chromosphere  presents  so  many  observational  anomalies,  such  attempts 
cay  be  overly  optimletico  Nonetheless,  by  restricting  ourselves  to 
hydrogen  we  may  hope,  because  of  its  preponderant  abundance,  to 
establish  results  characterieing  the  thermodynamic  structure  of  the 
chrccioaphere*  FurtherEore,  ty  considering  only  relative  spectral 
intensi'^s,  we  may  hope  to  avoid  the  usual  difficulties  encountered 
with  absolute  standards*  If  the  procedure  Is  successful  in  eatablleh-> 
ing  these  gross  features,  we  may  then  proceed  to  analyte  full 
details  of  the  spectrum  to  obtain  the  full  details  of  state  of 
the  chremoaphare*  There  is  a certain  amoxmt  of  risk  in  attempting  to 
so  divide  the  problem  of  the  state  of  the  ohremosphere  * one  recalls 
attee^ts  to  predict  the  tesperatura  of  the  planetary  nebulae  froa  the 
action  of  the  radiation  field  of  the  exciting  star  on  the  hydrogen 
alone  without  considering  the  thermostat  action  of  tha  axygtax 
”lapuritiss«*  It  is  thus  essential  to  axmtne  orltioally  all  data, 
not  only  that  for  hydrogen,  SMking  oontradictions  to  tha  present 
procedure.  The  difficulty  in  such  sxaainatloiis  — and  several  have 
been  offered  as,  for  exai^le,  the  critielia  of  tha  hi|^  teoperature 
model  because  of  the  lack  of  oetallio  BataatJibXe  Unco  ^ lies  in  an 
inability  to  evaluate  the  exaot  situation  to  be  expected  until  the 
gross  thermodynaAlo  struotux^e  is  kncam*  We  attez^t  then  to  obtain 
this  gross  structure,  saXeoting  methods  general  enough  to  rosova  the 
above  possibilities  of  internal  inoonsistenoy. 

Method  of  Reduction. 

A.  The  Baiffior  and  Fasi^en  daor^aentSo 

Spooixicaily,  one  observes  during  an  eclipse  all  the  light 
originating  above  a certain  height  in  the  chrooesphere.  Let  us 
consider,  than,  the  energy  emitted  by  transitions  from  the  nth 
to  the  second  level  of  the  hydrogen  atoa.in  terms  of  the  state 
of  the  cbrocio^hera  We  consider  one  emr  of  matter  at  (x,  y) 
in  the  (^roGiosphsre. 


^ to  obBerver 


I 

/ 


w le  tha  distanca  froe  (x,  y)  to  tiw>  surface  of  the  Bun*  Wo 
shall  b«  Bpflciflcally  intareatad  in  aacsrtJining  what  cbarec- 
toriitlcs  of  tha  state  can  bo  vuriod  to  giro 

botiroon  tAo  thoGY«tioal  and  the  cboorvod  Balaor 
docrsBMTitc  One  finds  that,  cn  the  basis  of  thomodynaaic  oqui- 
libriuB  and  an  atooephore  transpai'ent  to  its  om  radiation,  the 
ctxafratod  dacretaent  is  in  erery  case  too  hlgh=  Thus  l*t  us 
ccBputa  tho  par  unit  solid  anglo  2^  with  all  posalblt 

rariations  of  the  abore^  oridantly  oror  slirplifiod^asBUffiptions 
included  c Us  ineliuia,  thorafors,  doparturas  frc«  tharmodTnaaic 
•quilibi*imt  by  introducing  tha  atandard  dafinod  in  equation 
(6)  bolow,  iaoludo  solf- ah  sorption  sffectsj  and  nake  no  attecpt 
to  epeoiXy  tho  sXectron  tfjq^arAture,  'I^r-  Thus,  in  titandard 
notation, 

doSng  Hn(^:»7)bvng 

whore  is  the  m^or  of  porticle/oc^  at  x,y  and  we  axe  consider- 
ing the  radiation  ircQ  the  elaciant  of  voliaaa  dVe  It  will  ba 
caalast  if  wa  oonGider  the  radiation  fron  a slab  of  width  Icn  in 


tha  3 dii'ection=  Ihuo.  '.to  opei'cite  ,vj.t3’. 
c^tain 
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de  on  (1)  and  we 


Nj^(x,y)hV  2 ^‘n2 

,io.^2  


(2) 


Tha  phenijcanon  of  self  abarptionj  of  ooursa,  decreases  this 
energy  so  'idiat  onl:/’  the  aniount 

= axp  / - a y j rig  (jf  j yV  dx 


1 ^ 


finally  anergas  froa  the  at:x<ospheraa  tia  write 


- f N2(n,y)dx 

I ^ 


or 


(h) 


N(x,y) 

so  that  ' y 

d£n2  " doSn2  ^ ^ (5) 

Kottj  using  X«  “ wnor^Xn  onargy  to  ionize  free 

the  nth  le’/al  (aso-oiaing  hc/drogen  sufficiently'  ionized  that 

Ni-Ne)* 

( 2'rf  nl6’^  ) — ® ^ 

Thus  the  total  energy  emitted  is 

■ff 


d R 


I *hi2  . ce 

' ^2^zi2  / 

“W*"  V.2it^  / ■^’j) 


(7) 


^n2  “ I j V4  ® ^dxdy 


ifhere  C?  is  a numerical  constant.  Ih©  integral  Ek»y  be  thought  of 
as  a Traighted  average  of  the  emission  from  hancs  the  population 
of  --  tha  nth  levnl*  iia.  find  it  cnnvflniant  ther^orfl  to  also  ub« 
in  the  discussion  equation  (?)  without  the  eubstitution  (6)! 


^2 


-a2N(x,y) 


dxdy^ 


(8) 
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dxdj' 


Gonsidar  norr  OQuation  (7.''-  Tns  Bali^sr  dacremant  corresporids 
to  a diiTerentiatioa,  or  differencing,  of  aquation  (?)  Tdth 
rospsofc  tc  the  q^uantiUu  nuiLbsr  ni  Pai-roi-iiiiiig  thia  operation  tts 
obtains 
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(9) 

^f(n)  - f(n  k) 


where  thu  ineq’uality  sign  refers  to  t.he  whole  tern,  including  the 
aoconpajiying  sign-  j'e  have  also  taken  the  absorption  coefficient 
Oj^2  ^ vary  as  n'^e  The  dotted  brackets  in  each  case  contain  a 
positive  quantitjo  The  result  on  the  b;^  canas  only  frees  the 
*a*ua5)ticn  that  Tt  >Teff  for  the  sun  — and  independent  of  the 
nxaserical  value  of  T- . .r'a  sea  thus  that  only  the  third  term  gives 
a nagativB  contribution  to  the  right  hand  side?  Thus  only  the 
•alT-absorption  affect  can  rKLcdy  the  difficulty  nentiorjad  above 
— that  tba  observed  Balner  daoraoent  is  eaaller  than  the  thera»« 
(fynnalo  aqullibriun  value « The  effect  of  departure  fro©  thermo- 
dsmnciic  equilibriua  only  increases  the  discrepancy,  inlesa  one 
wlshas  to  adopt  ^eff«  ^ hardly  plausible  result  these  dayie 
Furthemore,  we  enall  in  the  following  eection  (III  A 1) 
danoaetrate  from  the  ob serve tiona  that  ‘o^  >^n+k* 

We  recognise  new  that  the  self-abacaption  is  a function  of 
oce  paraaeter  only,  the  p<^ulation  of  the  two-quantum  level. 

Hence  we  should  be  able  to  use  the  observed  BaL&er  decrement  in 
conJuTtCtdon  with  the  result  fron  equation  (?)  to  cbtain  ■his 
population  of  the  two-quantum  level  as  a function  of  hei^ta 
Since  we  do  not  a priori  know  the  theraodynaaic  atructure  of  the 
atmosphere,  the  procedure  must  necessarUy  be  one  successive 
approxtrationa  In  the  analysis  earlier  aentioned,^^  only  the 
first  approxinB Uon  was  carried  out,  l.e.,  an  isothemal  chremo- 
sphere  was  assumsd  and  departurss  frtzi  tbsrmo^^Tiamic  equi» 
lierlua  neglactedo  Actually,  we  note  from  equation  (8)  that  moet 
of  the  emission  cocas  from  the  lower,  central  part  of  the  atmos- 
pherio  region  ebservad^  so  the  first  approxlaatlcs:  is  fairly 
accurate 3 The  plans  for  the  forthcocing  eollpse  indicate  that 
considerably  mere  observational  data  will  rttsult,  so  'the  successive 
approximation  schsca  will  ba  necessary  to  analyze  the  da.tac 

Consider  the  first  approxina-tiono  For  constant  , and 
bj^Sl,  W3  have  an  exponential  gradient  for  which  wo  may  -write j 

-5= 


(10) 


according  to  the  usual  geDEetrio  approximation  for  y^^ro  Tha 
contribution  of  large  y i-u  the  chromospheric  observatione  ie 
nagligibl-.^  We  have  now  two  alternative  procsduroe  to  cany- 
out  the  cocputation. 


In  the  firat,  wa  substitute  (10)  in  both  aquation  (4)  and 
equation  (7) i and  cany  out  the  integration  in  series  fora»  'So 
obtain.^) . " 


"n2 


(CjT,‘  5 »^f  1 


vt 


r * TT-^z)  i 


I2  •*•  ... 


(11) 


where  Ng  msaber  of  second- quantum  level  atoma  along  the 

line  of  sight  andi 


gJ(s^)d«! 


g(s2)  - ^ 

ffr 


(12) 


I ff 

O2  1®  A constant. 

The  wqjreaslon  (11)  represents  the  thamodynaalo  equillbriuEi 
expression  save  for  the  last  bracket,  which  represents  the  solf- 
•fcsorption.  The  arpression  is  convenient  to  us®  for  aanll 
^soacytion  (scall  jT^jg)  — it  does  not  converge  for  large 

ralueft.  For  the  higher  Balaer  lines,  however,  satisfactory 
values  for  N2cin2  quickly  obtained  by* 


log  ] - 

(n+i-jsj 

We  Haws  neccsenrily  ccultted  the  torn  e siaos  it  depends  upon 
the  (xmkrwwn)  value  of  Ta  3 Wo  note  hcwever  that  the  ociesion  is 
trivial  for  hi^  enoug}:  a - and  we  prefer  the  lat^r  Balner  lines 
anyway  to  avoid  convergence  difficulty  with  the  series  expression 
for  the  absorption.'  The  left  side  of  aquation  (13)  nay  be 
reduced  to  a function  of  a singla  variable  by  reducing  Q(n*jg)2 
to  0^2  bfling  an  rT^  dependence  for  This  procedure  wsis 

followed  in  reference  (l)o 


fonsrvfKi  dwereoent  -Ajj  loE^nV'^2^21 


LiXL.ia'.; 


Alternatively  we  niay  pix3CQ0ci  froc  equation  (8)®  Recognizing 
that  W8  may  write  the  emission  ccei'ficient  as; 


3^  • !<n  ni) 

and  the  absorption  ooefilcient; 

Td-th  the  associated  tangential  optical  depth: 

dfy  - (16) 

we  may  write  (8): 


(17) 


We  note  now  the  e^qsi^ssion  (15)  oust  include  Induced  emisBione 
to  be  ccsEplate  - so  that  wa  may  write: 


and  UB8  tha  relation: 


An2  ^ 

a‘n2 


(IP) 


whence: 


(20) 


using  equation  (6)o 


Altenativoly  tiien  we  niay  Trrita  (1?)  ac: 


-'f 

a dTHx 


(17cl) 


Wo  TTTlte  (17)  In  both  fortes  to  indicato  the  tiature  of  the  apprcxinatlcn 
isfidstr  Xn  ths  usual  <ilssussionj  j y /k-^is  taken  as  function  of  th« 
teaperatura  only  - in  which  oaea  we  could  renova  it  free  under  the 
integral  in  (17)  o Actually,  horrever,  tha  ratio  dopands  upon  Ng  as 
wall  as  » In  diacuasing  tha  first  laethod  of  ar-alysis  wo  have 
taken  ■ 1.  There,  however,  we  ware  concerned  only  with  the  hi^er 
n values.  A varia'^ion  in  bg  entered  aa  a second  order  correction 
'through  the  integral  of  the  escponentiali  In  (17 ol),  however,  b2 
enters  diractlyc  Tha  a^proxiaation  t;at  bj^^l  for  large  n is  ouch 
better  than  that  b2<-'le  Thus,  cochining  these  two  results  - the  first 
order  appearance  of  b2  and  tha  likelihood  of  its  considerable  de- 
parture fresa  unity,  it  does  not  Beam  too  satisfactory  an  approxiaation 
to  remove  JyAy'fj'QQ  tha  Integralo  ite  note,  however,  that  we  shall 
be  differencing  the  result  - and  no  socae  of  the  error  will  disappeare 
Thus  we  proceed  on  this  approxiaation  and  obtain* 


Sn2 


(21) 


We  note  that  this  expression  coo^jlementa  that  obtained  by  the  first 
asthod  - for  as  T bocooes  sufficiently  great  the  emission  per  unit 
area  - i.e.,  ignoring  the  last  Integration  over  the  atmosphere  lying 
above  a given  point  — approaches  the  Planck  function  nodlfiad  by  the 
bjj/b2  factor;  Ihus  wo  have  an  expression  suitable  for  the  case  of 
high  absorptioi,  when  the  series  expansion  in  enuation  (11)  fails  to 
convergGo 


The  actual  evaluation  of  ^ integral  in  (21)  must  be  perfomad 
numerically  » for  we  note  thatT  (x)  is  tha  N2a2n  of  the  previous 
Bisthod  and  decreases  exponentially  with  height;  For  SioallT^,  tha 
exponential  isay  be  expanded  and  the  integral  evaliiated  os: 


Ihe  last  procedure  diecuesad  is  actually  of  aox'e  value  in  the 
second  and  higher  approximations,  where  eone  idoa  of  tht>  variation  of 
with 'f is  hado  It  is  largely-  for  this  reason  that  we  have 
discusaad  ita  If  desired  herffever,  eq-wiations  (21)  and  (22)  cay  be 
uasd  in  piece  of  equation  (11):. 


Frcd  the  above  prcHsedurea#  fcheni  ho  obtain  first  approxima- 
tion values  of  N’2(b)  from  the  Balaer  decrement o Clearly  the 
discussion  nay  be  takaii  over  intact  to  observations  of  the 
Paschen  decrernent^  obtaining  a check  un  the  Ng  values.  For  the 
higher  order  approxinations,  wa  require  a knonledga  of  the 
and  Tft  values  in  order  that  the  ieotharcial  and  = 1 assumptions 
may  be  dropped.  Clearly,  soma  InTormatlon  on  these  quantities 
should  result  from  t>ia  knowledge  Just  gained  of  K2(h).  There 
are,  in  addition,  several  other  sources  of  information^  We 
turn  'to  consider  them.. 

Determination  of  ar.d  i 

We  have  available  three  distinct  methods  of  estimating 
various  ones  of  the  unknero  quaatus 

froa  the  eclipse  optical  observations.  One  method  represente 
an  application  and  extension  of  the  results  of  Section  Ac 
Because  it  is  on  extension,  a;id  bacauea  it  was  developed 
simultaneously  ’trith  that  method,  we  oonsidar  it  firsts  The 
ujwthod  gives  Information  on  Tg 

second  aathod  rests  on  a study  of  line  profiles  and  gives 
information  on  and  N e height  for  which  precise 

observations  exist.  The  third,  aiid  possibly  least  accurate 
aathod,  leads  to  v.^ues  of  o 

Ic  The  apparent  emission  height- gradient. 

Consider  two  methods  comnonly  used  in  obtaining  ths 
height  g^dient  of  hydrogen  in  the  solar  atmosphere.  In 
the  first  taathod  we  corqiare  ths  emission  from  a glv'in 
Balaer  line  at  two  eclipse  beightsc  with  the  exception  of 
an  error  resulting  from  the  neglect  of  eslf-absorpllon 
effects,  the  emission  height-gradient  may  be  interpreted 
directly  as  the  height  gradient  of  the  ncchsr  of  atocas  i^i 
the  upper  level  of  the  line*  Ihe  neglected  self-absorption 
effects  clearly  make  this  inferred  value  a lower  Unit  to 
the  trie  value o In  the  second  aethod  we  attempt  to 
eliainate  self-absorption  affects  by  observing  the  height 
at  which  the  various  Balmer  lines  just  vanish.  Presumably, 
the  various  lines  reach  the  saxw  intensity  at  thsir 
respective  vanishing  points,  and  the  emission  is  so  small 
that  a olf-ab sorption  affects  drop  cute  By  correcting  for 
the  diffaranca  in  trarLsit.inn  probability,  the  congsarison 
of  vanishing  points  for  the  two  lines  gives  the  ratio  of 
the  population  of  the  two  levels  at  the  two  heists.  The 
problen  is  to  convert  this  populatiou  ratio  iiiLO  a height 
gradient  for  the  population  of  either  levelo  Frcca 
equation  (6)  we  see  that,  if  the  values  were  the  same 
for  the  two  levels  at,  a given  height,  the  figure  just 
obtained  wo'iild,  when  corrected  for  the  Boltzmann  factor 
exp  hei^t  gradient  of  either  levels  If  - 


bowsTiBri  ba^bn+jci  then  tiiQ  enisslon  at  a given  height 
for  Bal^r  line  Hn  would  be  greater  than  it  would  b#  in 
the  caaa  of  b^  ■ ^ would  peroifit  to  a 

greater  ho ight  relative  to  and  rrc  would  undwestisata 

the  height  gradient  if  we  ujead  the  observational  a^tdrial 
with  no  bQ  correction^  If  bn^bn+k?  "thQ  reverse  aituation 
■Rould  holdo  Wa  can  then  ccnparo  the  density  gradients 
obtained  by  tha  first  and  eacond  methods,  in  the  hopa  of 
obtaining  the  behavior  of  bno  Wa  note,  of  course,  that  a 
r*c£ult  ehowisi"  the  dsneity  gra(tl«nt  frcTn  the  firet  aathod  , 
to  be  less  than  that  froQ  tha  second  would  be  eomawhat 
incoDolusive  because  of  the  naglactad  self-absorption 
effect,  fortunately,  however,  wa  find  the  first^^thod 
gradient  to  exceed  the  second.  2he  situation  is  aot 
peculiar  to  data  free  one  eclipse,  nor  is  the  diffarenca 
60  Ksall  as  to  be  masked  by  observational  error.  (The 
difference  is  alnoat  a factor  of  2.)  Kenca  it  would  appear 
that,  froia  this  Goc5>ari8on  of  two  Kathods  of  eetiii»ting 
the  >ydro£eA  danaitar  gradientii  wo  have  a conclusive 
daaonstration  of  the  direction  of  deviation  cf  the  chrorao- 
^shere  frea  thermo<^rnamic  aqulHbriurnj  that  is 


Eiufl,  we  have  deoonstrated  b^^  the  reaults  needed 

for  tha  S^ticn  A analysis  of  aeU^^ab sorption*  tfo  proceed 
now  to  sake  further  use  of  the  apparent  esaicsica  gradient* 

We  have  reoarked  that  the  apparent  emission  gradient  differs 
frcB  the  trua  density  gradient  by  the  self-absorption  effect. 

We  c-an,  hesrever,  correct  for  this  self-absorption  by  using 
the  results  free  Section  A.  Then  the  corrected  results  give 
ihe  true  height  gradient  of  and  we  can  write  for  each 
Nq,  Q>2,  at  each  height,  frotn  equation  (6)t 

aJgJa  • f 2 ♦ slI  ♦ u bp 

dh  dh  dh  d]i 

where  tha  left  side  is  known  froa  the  above  corrected  enisaion 
grediset*  We  can  aleo  write  hiiB  equation  for  S3,  using  the 
resulte  froa  Section  A to  obtain  the  la  ft  aide.  ‘*1hus  we  have  a 
set  of  equations,  as  nary  as  wo  have  observed  hydrogen  lines, 
Balaer  or  Pasohen,  with  the  vmkncwns  »'7h'^fi*  » 

and  the^h^n*  fSibiis  the  Vb^n  csbviouklt  all 
independent,  the  dapendanca  cannot  be  computed  untu.  Tg 
are  knowns  Thus  a preliminary  solution  of  the  equation 
(23)  oust  be  carried  through  ignoring  the  term.  Tha 
error  is  greatest  in  the  bg  term,  the  N2  equation,  ao  it 
is  preferable  to  carry  through  a solution  nsglecting  the 
Ng  equation  if  possiblso  Then  the  second  approximation 
to  both  this  procadure  and  that  of  Section  A may  be  madso 


-10- 


»s  note,  hcwrever#  that  neither  this  Section  B 1,  nor 
Section  A provide  values  of  diractlyo  One  can  estiniate 
a value  by  successiva  approximations  on  a conslstancy  basia^ 
but  it  is  useful  to  have  more  diroct  ruot^iodo  in  tho  first 
approxiiiia  tion  • 

Before  proceeding  to  the  second  method  wa  note  that 
the  preceding  discussion  enables  a test  of  the  validity  of 
the  hydrostatic  equilibrium  to  be  aiad8=  u'a  can  write  this 
_ equation  .as*  . . — - 

0 - ^ Id, JL  ^2  . 2 . 2 > g (2h) 

dh  HT^ 

whore  0 is  the  fraction  of  the  hydrogen  yet  unionized^  Once 
estima'ws  of  and  are  available,  can  bo  ostiaatedc 

Uie  remaining  quantities  in  {2h)  are  kncwm,  and  the  validity 
of  tho  equation  can  he  checked. 

2.  Res'olts  froa  line  profiles. 

There  are  tYro  varieties  of  aeasurea  involving  line 
profiles^  The  first  is  a direct  caaaure  of  a single  lino 
profile.  This  tochniquO  has  been  used  by  R.  V.  Rodaian,«3) 
who  finds  the  early  hydrogen  liriOS  and  the  tho  taatallic 
Unas  exhibit  Doppler  profiles^  RadaiaR  plan«  to  repeat 
these  raeasures  at  the  195?  eclipseo  No  such  work  is 
contemplated  in  our  plans,  tie  shall,  therefore,  not 
consider  this  method  further.  It  is  not  naant  ttereby  to 
undereophasize  the  method,  for  on  the  contrary  it  is  the 
most  reliable  nathod  for  clearly  indicating  tho  kinetic 
state  of  the  atmosphere.  Tnus  the  method  is  critical  in 
any  discussion  of  atmospheric  kinetic  temperature. 

The  oecond  method  dealing  with  line  profiles  usually 
concerns  the  wlngc  of  the  lines,  where  the  effect  of 
collisional  broadening  becomes  of  injportance.  note, 
however,  that  for  sufficiently  higi:  temperature  the  thermal 
broadening  can  influanco  appreciably  the  merging  of  the 
lines.  uQ  conaidar  the  problem. 

The  Stark  broadening  due  to  the  positive  ions  causes 
a tBorgiiig  of  the  lines  at  finite  n.  An  appreximats 
relation,  agreeing  well  with  experiaiant,  between  the  n 
value  for  the  last  resolved  line  and  the  ion  density  T^as 
been  coicputed  by  Inglis  and  Teller* 


log  - 23.26  - 7.$  log  n 


(25) 


n- 


The  relation  considers,  hcwevar,  onl>’’  Stark  broadening, 
and  wa  wish  also  to  include  t,he  Doppler  broadaning*  given 
by  the  ejcpressioni 

c \ ^ 

' cL.  ^ / 


(26) 


Kct,  the  Hue  profile  for  the  Stark  effect  rrill  be  of  the 
font 


a** 


V>c)" 


(27) 


Itius,.  tho -Dopplar  afid  Stark  affect  together  wlTl  yield 


r 


9 


(28) 


Unfort'jnately  the  ras’jlt  does  not  cone  out  explicitly  in 
any  neat  fonn.  Iherefora,  noting  that  the  results  to  be 
obtained  are  only  approximte  anyway  because  of  the  uncer- 
tainty as  to  when  a line  is  exactly  ragolved  or  ‘unresolvad, 
we  use  a socewhat  approximate  method  and  thereby  save  much 
labor,  'lie  wonder  what  gaussian  curve  will  approxiaate  to 
(27)  so  far  as  resolution  criteria  are  conremedc  Clearly 
a la  the  width  at  half  maxlcruta  in  (27).  n'e  sho'uld  like  to 
replace  (27)  by 

. - 

and  find  a in  terma  of  a.  We  ahall  adjust  o so  as  to  give 
the  same  resolution  as  (2?)^ 


We  shall  use  the  resolution  criterion  that  for  a 
gaussian  distribution,  the  half -width  at  hnlf-oaxinuni  is 
Just  one  half  the  line  asparations  Thus,  for  resolution, 


a. 


(30) 


We  see  then  that  oic^ay  between  the  lines  the  intensity  Is 

lo  “ 2 • ^ * 1 


and  at  the  canter 


Thus 


. 1 . , -tin  2 


h. ZJ»  . ftin  I - . ^ 

hi  ° 


(31) 

(32) 


«12« 


?/e  now  ask  o’orsalvas  hen?  a ia  it^latad  to  a so  tiv'it  (j  Hn  I 
will  hava  tha  sa;s9  value,  when  uning  (273  aa  wJion  (2?)  is 
subetitutad  ior  (27), 

fe--.ia  . (i  -*  ^^v)  j ; 2 ^ tA^)i 

ca^ 
ha2  ^ 

One  zindu,  \ip on  sotting  this  eqail  to  6 Qn  I (which  is 
1/16)  that 


a2  ^ Ay2  (^1  ♦ 0^  (6  I)^ 

or  (33) 

a2  ■ ' ayi([n2 

I 

XhoSi  wa  seo  that  as  far  as  resolution  is  concern*Ki,  a 
dispersion  profiln  with  a half  width  at  half  saxiaua^.ofaj 
cac7  be  raplacsd  b.  a Russian  with  oean  wicHh  a/tlTn-r 
or  a half  width  at  half  eaxiaum  of  a //TT  Tnerafora, 

WQ  write  tha  coabined  Doppler  and  Stark  profile  as 


where  a is  the  half  width  at  half  oaxirroa  of  the  Stark 
profiloc 

N(wv  a is  independent  of  the  ground  state  since  it  is 
only  the  higher  states  which  are  significantly  perturbed 
by  the  Stark  effect#  Ihus,  for  a given  upper  la’wel  n,  the 
energy'  perturbation  And  the  resulting  frequency 

spread  is 


Vi'a  see  then  that  the  density  broadening  will  be  the  same  for 
the  Baliaar  and  faschen  eeriess  l/e  consider  now  the  Doppler 
b roedeningo 


R / 1 -I  \ 


(36) 


Adjac'int  lines  are  aaparatad  by 

vJ  s R /l  t R 3n+l 

rm*l  ^ ■R  1)2;  K ni(r..i}2 


' If  we  take  a line  as  linrasolved  when  it  just  falls  to  8“’*^ 
its  ciaxim\m  value  for  the  fraquency  of  the  center  of  the. 
nsst^-hi^.sr  iinsrj---th<n  -tho-  t?f«^er±«s  §rouxid 

states  m and  n'  we  have* 


-aUU 


jaI+1. 


(38) 


where  n*  -1  and  n - 1 are  tha  last  resolved  lines  of  the 
m and  a‘  aeries  respectivelju  The  subscripts  in  each  case 
indicate  the  quant’ua  nuabers  involved  in  the  qinntitiesa 
tVe  use  the  results  of  Inglis  and  Taller  to  cciapute 
It  should  be  noted  thiat  we  cannot  ainply  use  their  final 
ras'olte  because j while  we  have  cergin^  of  the  linos  as  did 
they,  part  of  our  merging  is  a Doppler  broadening»  Thus, 
we  wish  to  compute  ^ unaarged  line.  They  have 

that  for  a field  F,  the  energy  spread  in  a level  is 


I ae  F 

a is  tha  radiiis  of  the  orbit  and  is  n^a^j  where  ia  the 
radius  of  the  first  Bohr  oibit^  Thus,  the  frequency  spread 

ie 

2h 

In  terms  of  N the  nunber  of  singly  charged  ions  present 
iiolt^-rwrjc  5)  gives 

F - 3.7  e 


Thus 

» 5.6  n^a^  an 

h 


“lii= 


09) 


or  AV  » 

(liO) 

where  JC  “ S=6  e“a' 

m 

h 


IhuB>  OBlng  (UO)  "He  rawrit©  (37)  aJid  (38)  aa 
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If  we  UB8  the  resulting  criterion  cited  above  that  the 
full  width  at  half  aaxlaium  is  equal  tcr^  then 

e - 1/2 


m 


FurtherK  “ 1 = 013  cm^/saco  Biua,  given  the  last  resolvable 
lines  of  Baloer  and  Paachan  sorieSi  values  for  Nc  and  _ 

- - resultr;  oi'  Xg  follows  directly  froQ  the  value 

of  v/cc)  iie  notoi  incidentally,  that  the  expressions 
(h3oX)  and  (Itii«l)  each  fall  into  two  parts,  the  second  part 
in  each  being  a correction  factor  of  the  order  of  unity 
involving  each  of  the  n,  n-,  m,  a*  valusso  The  other  faoter 
(ii3ol)  involves  only  the  Balaer  series  data  n and  a - and 
is  the  eeq^ressicn  that  would  be  obtained  were  only  thaxmal 
broadening  included  in  the  diecuesiono  Thus,  if  the  second 
factor  were  sufficiently  near  unity,  the  value  wo'uld 
bs  fixed  by  the  Balner  sei-iea  aloneo  Sinilarly,  the  first 
factor  in  (iil^^l)  depends  only  upon  the  Paschen  soricsa  i'(’e 
note,  however,  that  the  first  factor  is  not  the  same  as 
would  be  obta^d  by  considering  Starlc  broadening  alone,  but 
differs  by  xhis  factor  has  been  introduced  by  the 

process  of  representing  the  Stark  broadening  in  gaussian 
fora*  Had  the  half  width  at  half<^iaxlma  for  the  gaussian 
representation  been  chosen  the  sane  as  the  half ~wldth,  in  the 
convention^  expression  (27),  io8.,  a and  not  a/  the 
extra  factor  wotdd  not  appear  in 

3.  Ueaeures  In  the  continuun. 

Is  the  past,  attec^ts  have  been  nade  to  conputa  tha 
electron  teqperature  by  using  the  ratio  of  intensities  at 
t?ro  frequenciee  in  the  Balner  continuuBo®'  However, 
considerable  doubt  is  cast  on  these  cilculatione  by  their 
failure  to  taka  into  account  the  scattering  by  the  electrons 
of  the  photospheric  radiation^  If  is  tha  electron  density 
then  the  intensity  at  a given  frequency  due  to  both  bound- 
free  SEission  and  scattering  is 

hV 

dy  -gfj  ^ e-  y 3 (h6) 

hJ 

cegieoting  the  t®all  eelf-toaorptioTi  effecteo^^  ^3  g" 
represents  the  black  body  radiatJcn  froo  the  photosphere  of 
taapaz^ture  Ty  5 If  we  take  the  ratio  of  02 
frequenflias  y and  , tb^i  , 

® kX^,  ^ » kXr 

-16^ 


a?) 


ii’e  sea  that 


e 


Xor  large 


m 


ar*d 


^3 


8 


j3  - 

e 


for  er.all  Sg  (h9) 


Clearly  for’  piyrg  scattering.  'l^v  ths= 

inSei-endent  of  height  In  the  atrosphei’a  except  for  very 
Beall  geocetrical  dilution  effacta^  As  one  goes  higher  in 
the  atcioaphere,  wa  shooldi  than»  obtain  nora  nearly  (49)^ 
TnuSf  if  one  insists  upon  using  (48)  he  irritas 


kin 

E/ 


(50) 


“hsn  actually  he  should  write,  if  it  is  fairly  high  In  the 
atciospbareJ 


k(^n  3 Qn 

V 


(51) 


liiuB  we  see  that  tho  values  obtained  froca  nsasures  in  th® 
contlnuua,  under  the  assuLiptiotti  that  the  observed  radiation 
is  chroaosphsrlo  eeaissicn  and  not  scattered  radiation,  ar« 
likely  to  be  eircnsousc  A priori,  with  no  krxnrlodge  of  Tg 
and  , it  is  lioposslble  to  predict  the  relative  lopcrtonce 
of  the  ealsaioQ  and  scattering  tarmso  Thus  it  sseos  the 
decieicn  as  to  tha  utility  of  tbs  oathod  can  be  made  best 
by  Gocgjaring  “apparent"  v^uss  of  darivad  frai  equation 
(50).  Since  T4  presuoably  increases  upward,  and  from  (47) 
we  sea  that  the  scatteririg  increases  in  relative  iBiportswice 
upward,  the  observed  Tg  will  apparently  decrease  upward 
if  tho  scattering  is  significant.  Thus  the  utility  of  this 
third  sjethod  is  questionable,  but  a check  cn  ita  utility 
is  possible^ 


III*  Conclusion 

Ths  ITor^goirig  provides  an  cutUno  of  the  r^thods  proposed  to 
reduce  tha  1952  eclipse  data.  The  results  should  provide  values  of 
N«,  1^  , VT*  , 7?^*  at  a nucber  of  heights  in  the  atuosphare® 
Hence,  thero  are  internal  checks  on  the  ataospherlc  stmctura.  Thus, 
in  view  of  the  ob.1sntive  of  trying  to  reconcile  radio  and  optical 
data,  one  should  free  the  foregoing  have  a consistent,  wall-defined 
3©t  of  results  directly  relevant  to  the  fundamental  problaao 
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